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The concentration of CO» can be used as a good indi- 
cator of air quality in the office or in the home. Until 
now, an obstacle to the widespread adoption of control 
systems based on COs concentration measurement has 
been the lack of stable, accurate and yet economical 
sensors for this unreactive gas. Now, however, with the 
introduction of new solid electrolyte sensors, rapidly- 
reacting measurement systems for air quality control can 
be produced. The concentration of CO3 in fresh air is 
generally around 350 ppm (parts per million), although 
this is of course subject to variations due to natural as 
well as artificial causes. These variations are neverthe- 
less of low amplitude and take place over long periods. 
In inhabited living and working spaces the CO3 concen- 
tration can quickly rise to many thousands of parts per 
million as a result of respiration, smoking for other rea- 
sons. Figure 1 shows the evolution over time of CO» 
concentration in a test room holding between 10 and 
80 people. Of course many other substances have an 
influence on air quality (and in particular on the percep- 


A CO» sensor has been 


developed for specialist 
applications in air quality 
monitoring and control, 
offering good long-term 
stability, high selectivity, and 


a low humidity dependence. 


tion of odours). Research has shown, however, that CO3 
is the key indicator for determining air quality. Subjec- 
tive perceptions of air quality certainly correlate with a 
gradual rise in the level of CO», especially bearing in 
mind that CO3 is an odourless gas. If one goes into a 
room with a high CO» concentration, one immediately 
feels the need for fresh air (the so-called ‘meeting room 
effect’). Table 1 shows the effect of various levels of 
CO; on humans. 


A range of sensor technologies 


The most widely-used technique for CO, measurement is 
by NDIR (non-dispersive infra-red) absorption. This 
exploits the physical property of CO3 that it absorbs 
infra-red light at a wavelength of 4.27 um. The CO 
partial pressure can be measured very selectively and 
accurately using this method (especially in the case of 
high absolute concentrations of CO3, even up to 

100 %). Unfortunately, for measuring lower concentra- 
tions a long optical path through the gas is required in 
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New CO, sensors for 
air quality monitoring 


ENSO 


order to obtain a sufficiently significant absorption 
effect. The infra-red method is stable over long periods 
of time and has no moving parts. It is, however, bulky 
and requires precision optics and is therefore corre- 
spondingly expensive. 


There are a few CO3 sensors employing liquid elec- 
trolytes on the market. A decisive disadvantage of these 
cells is their limited life, the poor stability of their outputs 
and hence the lack of reproducibility of readings. There 
is also a general risk of leakage with cells that contain a 
liquid: this can lead to damage to the sensor or to 
nearby components. These sensors have therefore not 
been used in ventilation control systems. 


Certain solids possess the property that ions can move 
within them. This makes them ideal to function as the 
electrolyte in a gas sensor. Particularly well suited to 
detecting gaseous oxides such as CO% or NO, are mote- 
rials based on a natrium (i.e., sodium) super-ionic con- 
ductor, or NASICON, structure. NASICON materials, 
which have been known for some time, are ceramics 
capable of conducting sodium ions. The chemical for- 
mula is Naj,,ZroSi,P3.,0719, with O<x<3. The highest 
ion conductivity is exhibited when x=2. Many studies 
have sought to find an arrangement whereby an electro- 
chemical cell is constructed from NASICON material 
together with chemically active layers, giving an electri- 
cal voltage which depends on the ambient gas concen- 
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tration. The principal obstacle to commercial mass pro- 
duction was the lack of stability and reproducibility of the 
solid electrolyte CO% sensors, and their high humidity 
dependence. The Japanese semiconductor gas sensor 
manufacturer Figaro has now managed to develop a 
process for making long-term stable CO3 sensors as stan- 
dard components with reproducible properties and low 
humidity dependence. 
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Figure 1. CO2 
concentration in a 
240 m3 test room. 


Table I. CO, 
concentrations 
(0.03 % by volume 
= 300 ppm) 
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Figure 2. 
Cross-section 
through the 
TGS4160 and the 
sensor element 
itself. 


Figure 3. 

The sensor element 
must be connected 
to an extremely 
high-impedance 
input circuit. 


Figure 4. CO; sen- 
sitivity of the 
TGS4160 (and 
insensitivity to CO 
and ethanol) 
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The TGS4160 gas sensor 


The TGS4160 consists of a CO>-sensitive solid electrolyte 
cell with an internal thermistor for temperature compensa- 
tion. Figure 2 shows the construction of the sensor and a 
cross-section through the sensor element. A NASICON 
disc with a diameter of 4 mm and a thickness of 0.7 mm 
is printed with gold electrodes on each side. A layer of 
lithium carbonate (LigCO3) is added on the cathode side 
and then calcined at 600 °C. A thin disc of aluminium 
oxide ceramic, carrying a printed platinum heating ele- 
ment, is laminated onto the anode side. The edges of the 
sensor are sealed with glass. Platinum wires are bonded 
to the sensor element and spotwelded to the connection 
pins on the sensor base. The sensor base is made from 
glass fibre reinforced polybutylene terephthalate, and 
over it a mounted a two-layer stainless steel mesh as a 
flame retardant. The external enclosure is made from rein- 
forced polyamide and includes a zeolite adsorption filter 
to prevent ingress of interference gases such as ethanol. 


Signal conditioning 


For good sensor performance and long life it is important 
to measure the cell voltage using as high an impedance 
as possible. The cell has a high internal resistance and so 
a low impedance measurement would give a false read- 
ing, and furthermore a significant external current would 
flow, causing a continual flow of ions in one direction. 
Over a long period this would damage the sensor. The 
input impedance of the measurement circuit should there- 
fore be at least 100 MQ and the bias current should be 
less than 1 pA. A typical basic circuit is shown in 
Figure 3. 

The output EMF is relatively stable as long as the sensor 
is heated. Long unheated storage, however, especially at 
high humidity, can lead to a significant drop in EMF. 
Nevertheless, the difference EMF (AEMF) between the 
value at 350 ppm CO; and the value at higher atmos- 
pheric CO3 concentrations remains very stable. The 
AEMF of the TGS4160 shows a linear dependence on 
the logarithm of the CO» concentration (Figure 4) and 
only at higher humidities (over 60 %) does it start to 
show a slight humidity dependence. Because of these 
properties, the sensor is suitable for use in rapidly-react- 
ing CO% air monitoring systems. 

Because of the drift that can occur, the sensor is not suit- 
able for measuring absolute CO% concentrations, but 
only the CO concentration relative to the ‘natural’ con- 
centration in fresh air. Special signal conditioning is thus 
required on the cell output voltage, which is carried out 
in software using a dedicated microcontroller running an 
application-specific algorithm (Figure 5). To evaluate the 
AEMF the reference level corresponding to 350 ppm 
CO, must first be determined. To do this we assume that 
the natural concentration of CO» in fresh air never falls 
below 350 ppm and that there will be fresh air in the 
measured environment at least from time fo time. Given 
these assumptions we can take the highest EMF meas- 
ured over a specified period (of say 24 hours) to be the 
reference EMF for 350 ppm. If during a 24 hour period 
the current reference level is not reached, the algorithm 
automatically reduces the stored reference value by a set 
amount, until the measured EMF once again exceeds the 
stored reference value. In this way a drift in either direc- 
tion is automatically compensated for: the measuring sys- 
tem is self-calibrating. 
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Principles 
of operation 


The sensor element is heated to about 450 °C by the heating 
element. The equilibrium point of the cathode reaction 
depends on the CO2 and O3 partial pressures. The cathode 
reaction is as follows: 


2Lit + CO3 + 1/2 O2 + 2e & LigCO3 


and the anode reaction is: 
2Nat + 1/2 O2 + 2e & NagO 


Since the anode is sealed from the atmosphere, the equilib- 
rium point of the anode reaction depends only on the O3 par- 
tial pressure in the small volume between the NASICON disc 
and the aluminium oxide disc. Each reaction gives rise to a 
particular electron concentration in the corresponding elec- 
trode. The charge difference can then be measured as a volt- 
age between the two electrodes. The exact nature of the 
processes within the sensor cell, and in particular the interac- 
tions at the cathode boundary layers, are to a large extent 
not understood. Empirical research has established, however, 
that the behaviour of the cell accurately follows the Nernst 
equation: 


TGS4160s have been in continuous testing since 1996. 
So far no noticeable changes in performance or sensor 
failures have been observed. 


Example circuit 


The algorithm described above has been optimised in the 
light of practical experience and programmed into a 
microcontroller, which is available as a standard compo- 
nent. Figure 6 shows the TGS4160 along with the 
ready-made AM4 module, which includes all the electron- 
ics required for a ventilation control system apart from 
the power driver stage. The sensor has already been suc- 
cessfully used in ventilation control applications, and its 
suitability for mass production has been demonstrated. 
(040122-1) 
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EMF[mV] = Ec-(R-1)/(2-F) - In[P{CO2)] 


where P{CO3)] is the CO3 partial pressure, Ec is a constant 
for the cell, R is the ideal gas constant, T is temperature in 
Kelvin, F is the Faraday constant, and EMF is the electromo- 
tive force of the cell. 


Since the sensor is designed for use in atmospheric condi- 
tions, the dependency of the cathode reaction on the Op par- 
tial pressure can be neglected, as the O3 concentration only 
ever deviates slightly from the value of 21 % by volume. Fig- 
ure A shows the step response of the TGS4160 to changes 
in gas concentration. The sensor has a linear temperature 
dependence as shown in Figure B, which can be taken into 
account in the signal conditioning circuit with the help of the 
built-in thermistor. 
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Power on 


Data sheet: www.unitronic.de/CO2 


(German website, data sheet in English) 
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Figure 5. 
Determining the 
reference level in 
software. 


Figure 6. For 
experimentation 


and application: 
the AM4 module. 
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